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Identification of an Unknown Meteorite
Found in North Africa
The University of Tennessee - Knoxville
Cheshire Rigler

ABSTRACT
The identity of a meteorite found in North Africa was determined through
the use of a variety of different analyses and tests. A raw meteorite was cut
into a thin section and petrologically examined; following this test, an
electron microprobe was used to determine olivine composition. As a
result, the meteorite was determined to be an ordinary L-5 chondrite.
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Introduction
Throughout history, humans have sought to determine not only their species’
origin, but also the origin of everything else, living or inanimate – namely, the birth
of the Universe. While the age of the Universe was discovered through the use of
spectral tests, the ages of two things much closer to home – our Solar System and
the Earth – were determined through analysis of meteorites. In fact, many insights
about the Universe, Earth, and the human species have been gained through the
study of meteorites and related space debris. It thus becomes apparent that an
understanding of meteorites, as well as their origin, is extremely beneficial to any
geologist’s repertoire.
Within the realm of meteoritics, one finds an enormous vocabulary centered
solely on meteorite description, a multitude of tests meant to determine the identity
of meteorites found on the Earth’s surface, and an equally vast range of theories and
explanations as to their mode and location of origin. This paper will focus on all
three aspects, and with this knowledge, will attempt to discover the origin of an
unidentified meteorite from North Africa. However, before this analysis of the
meteorite from North Africa (from here on referred to as HT12) can be completed, it
is necessary to understand the basics of the variety of classifications for meteorites.
At their most basic level, meteorites are classified as stony, iron, or stony
iron. Stony meteorites are largely composed of silicates, iron meteorites consist of
metals, and stony irons consist of nearly equal proportions of silicates and metals
(Dodd 3). Of the three major classifications, stony meteorites by far make up the
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largest portion of the nearly 5,000 meteorites found on Earth’s surface (~80%),
followed by irons (~18%) and then stony irons (2%) (Hutchinson 12).
Stony meteorites are broken down into two different types – chondrites and
achondrites. Chondrites are named for the chondrules that compose them; these
chondrules are near-spherical, silicate- and iron-constituting, particles that are
found throughout chondritic meteorites (Norton 81). These masses formed at the
birth of the Solar System, when precursor material was heated, melted, and cooled
extremely quickly, thereby capturing the main dust materials present during our
system’s formation. Chondrules then accreted into other dust, silicate, and metallic
particles, forming chondrites, but maintaining their structure and mineral
components. Chondritic meteorites, then, contain some of he Solar System’s most
primitive materials, making them ideal sources for learning about the Solar System’s
creation processes (Norton 82). Also, chondrites usually exhibit little to no
differentiation, which lends further credence to the idea that their chemical
constitution is nearly identical to the constitution of the Solar System at the time of
its foundation. Chondrites compose about 71% of all stony finds (Hutchinson 12).
Chondrites can be placed into even more specific classifications due to their
relative find abundance and differing constituencies – those more specific classes
are the ordinary chondrites, carbonaceous chondrites, and enstatite chondrites.
Most chondrites fall into the realm of ordinary chondrites and are distinguished by
copious amounts of chondrules, little matrix, high oxygen isotope ratios (as
compared to those found in Earth’s rocks), and lack of abundant lithophile elements
(Norton 120). Ordinary chondrites are categorized as LL group, L group, or H group.
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LL group contains overall low proportions of iron and nickel metals; L group has
low iron contents; H group has high iron contents (Hutchinson 128). Another group,
the R group, exists, but only one meteorite exhibiting its various factors has been
found; for the sake of time and space the R group will not be fully investigated.
The final classification scheme given to chondrites is metamorphic grade.
Grades range from 1 to 7, 1 being the least thermally metamorphosed and 7 being
the most. Types 1 and 2 specifically show little thermal metamorphism but do
exhibit aqueous alteration. Type 3 shows some thermal metamorphism, but no
equilibrated abundances of olivine and pyroxene, and some matrix is present. Types
4-6 have decreasing amounts of matrix and greater equilibration of olivine and
pyroxene, and Type 7 sits on the fringe of chondrites and achondrites, as few or no
chondrules remain (Hutchinson 87).
Carbonaceous chondrites are found in much less abundance than ordinary
chondrites. These chondrites are typified by a high amount of lithophile elements
compared to their silicon content, as well as low oxygen isotope ratios as compared
to those found on the Earth. The enstatite chondrites make up even less of the
meteorite finds, amounting to about 2% of all chondritic finds. They are
characterized by their high level of enstatite as compared to other minerals in the
meteorite, as well as the peculiar trait of containing iron atoms that have been
reduced to sulfides and/or metals (as compared to oxides).
Achondrites, on the other hand, are easy to distinguish from chondrites in
that they lack chondrules and may even be mineralogically dissimilar. Some are
highly metamorphosed, but the majority are closer in nature to igneous rocks of
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Earth or even aggregated breccias. This trend of dissimilarity can be attributed to
the origins of these meteorites, as several are known to have come from other
celestial bodies like the Moon, while others have developed under conditions similar
to those of stony meteorites. Most achondrites are believed to be pieces of
differentiated asteroids that broke off following some sort of destructive event, such
as a collision with another body (Hutchinson 6).
Iron meteorites, meanwhile, have high iron and metal proportions compared
to silicon. Iron meteorites are believed to have originated from the cores of
meteoroids and asteroids that broke apart following complete differentiation of the
parent body. They are some of the easiest meteorites to distinguish, as almost all
exhibit Widmanstatten patterns following polishing and acid treatments. These
angled crossing patterns are the result of iron and nickel crystal intergrowth. Iron
meteorites are classified into one of thirteen different groups, depending on their
gallium, germanium, and iridium abundance as well as molecular crystal coarseness
(Hutchinson 338).
The final class of meteorites is the stony irons and the rarest of all meteorite
finds. Stony irons contain nearly equal amounts of metals and silicates, and are
thought to originate at the differentiation borderline between the dense metallic
core of asteroids and the lighter stony crusts. These meteorites fall into two distinct
categories – pallasites and mesosiderites. Pallasites are some of the most
distinguishable of all the meteorites, as their matrices are composed of shining
metals interspersed with porphyroclasts of magnesian olivine. Mesosiderites, on the
other hand, are recrystallized, aggregated mixtures of metals and silicates.
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Due to the extensive variety of meteorites found on Earth’s surface, it is vital
to understand the various tests associated with their identification. In a perfect and
well-funded setting, one would not only petrologically examine a meteorite thin
section, but would also analyze its 17O/16O isotopic ratio. Depending on the
petrologic analysis, one would also follow up with an olivine count and spectral
analysis to determine relative iron-element and lithophile abundance, or perform an
acid test to search for Widmanstatten patterns.
Armed with all of this knowledge, the researcher is confident that the
identity of HT12 will be found.

Methods
Before the petrologic examination of the unknown meteorite could begin, the
meteorite had to be made into a thin section. First, the sample was taken to the rockcutting room of the Earth and Planetary Sciences (EPS) building of the University of
Tennessee-Knoxville. There, a corner of the meteorite was removed from the
remainder using a rock saw and left to dry for 24 hours. The sample piece was then
hand-polished on the sawed side using a polishing liquid and distilled water on a
400-, 600-, and 1000-grained piece of polishing glass. Again, the meteorite piece was
left to dry for 24 hours. Following this step, the rock was glued to a glass slide and
left to dry for 24 hours. As soon as the polished meteorite had been properly
secured to the slide, a smaller saw was used to cut more mass from the piece. The
slide was then moved to a grinder, where the sample was ground until light could
easily pass through the sample. Hand-polishing resumed again on the 400-grain
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polishing glass, but unfortunately the sample was lost at this point due to the fragile
nature of the highly weathered meteorite.
The entire process was tried twice more, with similar results (loss of the
sample at the time of grinding or secondary hand-polishing. Due to the fragility of
the rock, Professor Hap McSween suggested asking a professional to create the thin
section, so a piece of the meteorite was sent to a professional where a usable thin
section was created.
Following the creation of a usable thin section, the thin section was examined
with a petrologic microscope. Following petrologic examination, an electron
microbe was used to perform an olivine count. While in the electron microprobe, the
sample was also spectrally analyzed to determine iron abundance in select olivine
crystals. Using data obtained with the petrographic microscope and the electron
microprobe, the identity of the meteorite could be determined.
Petrologic Description
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Thin Section HT12 is composed of a variety of minerals that have undergone
significant weathering, as evidenced by the numerous cracks found throughout the
sample as well as the discoloration of the minerals. Under cross-polarized (XPL) and
plane-polarized (PPL) light, all of the minerals exhibit a brownish tint, which could
also be the product of the substandard mineral thickness (due to the fragility of the
sample). The thin section is composed of pyroxene, iron oxide, and olivine, as well as
traces of feldspar. Chondrules are abundant throughout the sample.
Fig. 1. HT12
Sample after
initial sawing
but before
polishing.

Olivine crystals are anhedral and distinguishable by their high birefringence.
The majority of crystals are medium-grained (0.1-0.5 mm), with a few reaching a
millimeter; however, these crystals are broken up and form glomeroporphyrites
with some matrix material filling the interstices. The crystals have no cleavage and
show conchoidal fractures. Extinction angles are random.
Pyroxenes are abundant in the thin section, and exhibit classic 90˚ cleavage.
Crystals exhibit low to high order birefringence under XPL, indicating the presence
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of augite and diopside, respectively. Most of the crystals range from 0.2-0.6 mm,
though some are found in the matrix material (<0.1 mm), while some form
glomeroporphyrites up to 1.3 mm. Extinction occurs in 90˚ increments, and crystals
are subhedral.
Iron oxides make up a significant portion of the sample, and are
distinguishable by their constant extinction at all angles under XPL and PPL.
Crystals of iron oxide exist largely in the interstices between olivine and pyroxene
crystals, but some iron oxide crystals can also be found outside of these sutures.
Iron oxide crystals are anhedral and range from 0.1-2.7 mm.
The chondrules found in the thin section exhibit a variety of characteristics.
Several exhibit porphyritic patterns, and are composed of several different minerals.
A fewer number exhibit a barred pattern of 0.1 mm pyroxene squares all stacked in
juxtaposition to one another. Fewer still exhibit radial patterns of pyroxene, while
others were phyritic. The majority are about 1 mm in size.
Fig. 2. Phyritic
Chondrule.
Microprobe
backscatter.
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Fig. 3.
Polysomatic
Barred
Chondrule.
Microprobe
backscatter.

Some vesicles are also present, all of which are 0.2-0.4 mm. A higher
population of vesicles were found in areas of the thin section with higher
abundances of iron oxide, though vesicles were found in areas with no iron oxide, as
well.
A degree of metamorphism can be ascertained by the apparent
recrystallization of some minerals. One 0.5 mm chondrule composed of olivine and
iron oxide grains exhibited a coronae about it, which under PPL was dark brown (as
opposed to the nearly all-tan interior of the chondrule). Furthermore, this chondrule
showed orange-tinted crystals (PPL) arranged in a symmetrical lines within the
chondrule, not unlike lamellae found in some terrestrial rocks. Also, many of the
glomeroporphyrites contain recrystallized material in the interstices between the
related crystals.
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Data
*Note, locations 1, 2, 3, and 9 are not olivine crystals (mistaken identity).
**See attached sheets for data.
Discussion
After reviewing both the petrographic and microbe data, the meteorite can
be identified, with relative confidence, as an L-5 group chondrite (I say with relative
confidence because the most definitive test to determine meteorite identity, the
oxygen isotope test, was not performed).
Petrographic data yielded a meteorite with an abundance of olivine and
pyroxene minerals, relatively little iron metals, many chondrules of a variety of
textures, and some plagioclase. These characteristics were perhaps the easiest way
to tell that the meteorite was not only stony, but also an ordinary chondrite.
Furthermore, HT12 showed nearly equal proportions of olivine and pyroxene, and
while iron oxide minerals were present they were not overly abundant, which
hinted at an L or LL group. Metamorphism was present, as seen by the presence of
some matrix material and recrystallization, but not so much so that chondrules had
been altered; again, this did not allow a definitive classification, but instead it was
reasonable to believe the meteorite sat between a 4 and a 6 metamorphic grade. In
order to properly identify the meteorite, though, the researcher decided to place the
HT12 into the 5 metamorphic grade.
Microprobe data was vital in narrowing down the identity of HT12. Visually,
the microprobe scans confirmed the presence of plagioclase minerals, a nearly equal
abundance of olivine and pyroxene, and various near-spherical chondrules, further
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confirming an identity of an ordinary chondrite of metamorphic grade 5. The
microprobe scan was especially important due to the difficulty in viewing the thin
section in polarized light. Spectral analysis of the sample gave iron ion abundance in
the range of 0.47-0.49, magnesium ions in the range of 1.48-1.51, nickel ions at less
than 0.001, and silicon ions all at 0.99. From this data, the meteorite was found to
have a 0.75 modal composition for forsterite, which placed it firmly in the L group.

Fig. 4. Olivine-count sites (see data for correlation). 100x reflected light.
As with any research, some error was more than likely present. Much of the
visual data from both the petrographic and microprobe analyses is based on
subjective identification of abundances; and, while that error could be detrimental
in some cases, the performance of more than one test on the meteorite effectively
limits that error. All microprobe equipment was zeroed before testing began, but
between each individual spectral analysis the machine was not zeroed – this could
have led to some skewed data. Finally, the microprobe beam was 1 micrometer in
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diameter, so if the beam contacted anything besides a pure mineral crystal, it could
have skewed the data (this was seen once, in scan 9 of the olivine crystals).
The meteorite more than likely originated from the crust of a larger body
that underwent a fairly high degree of heat and metamorphism. Further studies,
such as an oxygen isotope test and radiometric dating, could lend better insight into
how, when, and where the meteorite developed. For now, though, due to the
petrologic analysis and spectral testing, it is known that the meteorite has content
similar to that of the early solar system and can thus be inferred to have originated
at the time of the Solar System’s birth.
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